Milk oligosaccharides are the complex mixture of six monosaccharides namely, D-glucose, D-galactose, N-acetyl-glucosamine, N-acetyl-galactosamine, L-fucose, and N-acetyl-neuraminic acid. The mixture is categorized as neutral and acidic classes. Previously, 25 oligosaccharides in bovine milk and 115 oligosaccharides in human milk have been characterized. Because human intestine lacks the enzyme to hydrolyze the oligosaccharide structures, these substances can reach the colon without degradation and are known to have many health beneficial functions. It has been shown that this fraction of carbohydrate can increase the bifidobacterial population in the intestine and colon, resulting in a significant reduction of pathogenic bacteria. The role of milk oligosaccharides as a barrier against pathogens binding to the cell surface has recently been demonstrated. Milk oligosaccharides have the potential to produce immuno-modulation effects. It is also well known that oligosaccharides in milk have a significant influence on intestinal mineral absorption and in the formation of the brain and central nervous system. Due to its structural resemblance, bovine milk is considered to be the most potential source of oligosaccharides to produce the same effect of oligosaccharides present in human milk. This review describes the characteristics and potential health benefits of milk oligosaccharides as well as the prospects of oligosaccharides in bovine milk for use in functional foods.
Introduction
Oligosaccharides are one of the substantial bioactive milk components. These substances have been considered as the drawback among the many beneficial functions of milk until multifarious bioactive roles of milk oligosaccharides have been realized. The first ever identified functional role of milk oligosaccharides is denoted as prebiotic effect (Coppa et al., 2006) . Milk oligosaccharides perform as a soluble receptor for many pathogenic bacteria and in addition lower the pH in the gut. The acidic ambience in the gut has threefold function: 1) it favors the growth of beneficial bacteria, 2) it destroys harmful microorganisms, and 3) it avails the mineral absorption. Additionally, in the brain development and memory formation during infanthood, sialylated milk oligosaccharides act as one of the key factors (Boehm and Stahl, 2007) .
The growing interests are focused upon the structural aspects of milk oligosaccharides as the bioactive functions of milk oligosaccharides are revealed. Accordingly, 25 oligosaccharides in bovine milk and 115 oligosaccharides in human milk have been completely characterized till today. Generally, bovine milk oligosaccharides (BMO) are structurally different from human milk oligosaccharides (HMO), nonetheless, many of the BMO are found to be very similar to HMO. In particular, both bovine and human milks are abounded with sialylated oligosaccharides, especially at the early lactation period. The concentrations of oligosaccharides in mature human milk and colostrum are 12-13 g/L and 22-24 g/L, respectively, whereas, bovine milk contains 30-60 mg/L oligosaccharides but the amount can goes up to 1 g/L in case of cow colostrums. Moreover, structural diversity and complexity of HMO is very high. While complexity in structure of HMO restrains its feasibility to be used in functional foods, BMO showed rather simpler structure (Gopal and Due to the presence of α-and β-linkages, milk oligosaccharides reach the intestine intact and eventually are utilized by the health promoting bifidobacteria. The breakdown of milk oligosaccharides gives rise to shortchain fatty acids which inhibits the growth of harmful bacteria by bringing down the pH (Barile et al., 2009) . Milk oligosaccharides have a unique structure to act as a soluble ligand against infective bacteria to protect the gastrointestinal, respiratory, and urinary tracts. It is recently discovered that a trace amount of milk oligosaccharides are absorbed through the gut and interact directly with the immune system to modulate the immune response .
The sialylated milk oligosaccharides exhibit a special function in brain development. This fraction of milk oligosaccharide takes part in the synthesis of ganglioside and glycoprotein which comprise a large part of the brain cortex (Bogoch, 1977; Schmidt, 1989; Wang and BrandMiller, 2003) . It has been perceived that sialylated oligosaccharides are also very important in the functions of central nervous system (Schauer and Kamerling, 1997; von Itzstein and Thomson, 1997). Acidic oligosaccharides in milk have been found effective against inflammatory diseases (Boehm and Stahl, 2003) . Milk oligosaccharides are reported to play an essential role to stimulate the absorption and transport of some minerals in the gastrointestinal tract through direct and indirect mechanisms (Mills et al., 2011) .
It is supported by literature that oligosaccharides in bovine milk are analogous to HMO, implying similar physiological functions (Gopal and Gill, 2000; Urashima et al., 2001 ). Concentrations of oligosaccharides in bovine milk are very low but recently it is discovered that whey permeate can be a novel source of complex oligosaccharides with the strcuctural resemblance and diversity of oligosaccharides in human milk (Barile et al., 2009; Urashima et al., 2001) . Therefore, this review will discuss on the structural aspects of oligosaccharides in milk and more importantly the bioactive functions of milk oligosaccharides with a special emphasis on oligosaccharides in bovine milk.
Classification and structures of oligosaccharides
According to the latest definition of oligosaccharide by IUPAC-IUBMB Joint Commission of Biochemical Nomenclature, the borderline between oligo-and polysaccharides cannot be drawn rigorously; instead, the term oligosaccharide is commonly used to refer to defined structures as opposed to a polymer of unspecified length (IUPAC/ IUBMB, 1997). However, some authorities defined oligosaccharides as carbohydrates with a maximum polymer of monosaccharides up to 10 (Gopal and Gill, 2000) and as there is no physiological or chemical reason to set the limit of polymers, other authorities defined oligosaccharides as ranging from a degree of polymerization of 3 up to 19 (Mussatto and Manchillha, 2007) .
It used to be believed that oligosaccharides are the accompanied consequences of high concentration of lactose in milk and they are produced neither by specific synthesis nor by degradation of glycolipids (Kobata et The concentration of oligosaccharides in the milk of most mammalian animals is much lower compared to human milk (Urashima et al., 1997b) . In contrast to human milk oligosaccharides (HMO), fucosylated oligosaccharides are very rare in the neutral fraction of oligosaccharides of animal milk. On the other hand, sialic acid is the most important structural element of the acidic fraction of the animal milk oligosaccharides (Boehm and Moro, 2008) . Ten sialyl oligosaccharides were found in bovine colostrum which contained both Neu5Ac and Neu5Gc, whereas human milk or its colostrum showed only Neu5Ac (Urashima et al., 2001). While 3'-and 6'-sialyllactose, and 3'-and 6'-galactosyllactose are common to human and bovine milks, the structures of other sialyl oligosaccharides are different from the two types of milk (Boehm and Stahl, 2003) . In bovine milk, the concentration of oligosaccharides falls down during lactation except in late lactation, when the level of sialylated oligosaccharides increases (Martin et al., 2001) . Fructooligosaccharides (FOS) and galactooligosaccharides (GOS) which are considered as functional oligosaccharides are structurally different from HMO and BMO since the FOS and GOS are linear structures containing repeating units of galactose and fructose while HMO and BMO are branched structures and display a variety of α-and β-linkages ( Interestingly, compared to other animal milks, goat milk has been shown to have a very high amount of oligosaccharides. According to a study by Martinez-Ferez et al.
(2006), the oligosaccharide content in goat milk was measured in the range of 250 to 300 mg/L which is 4 to 5 times higher than the amount of oligosaccharides found in bovine milk. But caprine milk shows fewer numbers of oligosaccharides than bovine milk (Table 1) . Besides, bovine milk is considered as superior to caprine milk as well as to any other animal milk in terms of structural closeness of its oligosaccharides to HMO; furthermore, the bulkiness of bovine milk and its wide acceptability to consumers make it the most suitable to be used in the functional foods.
Bioactive functions of oligosaccharides in milk
It has been thought for many years that the milk oligosaccharides had the function only in the development of the specific intestinal bifidogenic bacteria in breast-fed infants (Rivero-Urgell and Santamaria-Orleans, 2001). In addition to the prebiotic activity, recently, it is well known that oligosaccharides act as a soluble receptor for many pathogenic microorganisms and thus play an important role to protect infections (Barile et al., 2009; Boehm and Stahl, 2007; Gopal and Gill, 2000) . According to a study There are many other bioactive roles of the oligosaccharides in milk have been identified; the beneficial functions of the oligosaccharides in humans were summarized as follows: (1) they supply small amounts of energy, approximately 0-3 kcal/g of sugar substitute, (2) they lower the absorption of dissolved glucose by forming a viscous gel in the gut, (3) they are non-cariogenic, (4) they inhibit diarrhea and symptoms of diarrhea, and (5) The structural complexity of HMO limits its applicability in population groups other than breast-fed children (Zivkovic and Barile, 2011). As some bovine milk oligosaccharides are structurally and functionally close to those found in human milk, it is presumable that bovine milk oligosaccharides could be the first choice to mimic the functions of human milk oligosaccharides (Gopal and Gill, 2000; Zivkovic and Barile, 2011) . These functions could include prebiotic activity, inhibition of pathogen binding to epithelial cells, effects on immune response, reduction of inflammatory diseases, structural and functional roles in brain formation, and facilitation of mineral absorption.
Prebiotic effects
Milk oligosaccharides have been considered as beneficial for human health when it was known that this frac- tion of carbohydrate has prebiotic effects in infants (Kunz et al., 2000) . Prebiotics are specified as non-digestible food elements which can affect the host by selectively stimulating the growth and/or activity of certain types of bacteria in the gut which can improve the host health (Gibson and Roberfroid, 1995) . Observations on the metabolic fate of the milk oligosaccharides have indicated that these substances pass through the intestine to the colon without degradation where they induce the development of the health promoting bifidobacteria thus representing the paradigm of prebiotics (Coppa et al., 2001) . The prebiotic effect of milk although arises due to the activity of various components, oligosaccharides represent the major substances ( Table 2) . It is well evident that milk oligosaccharides modify the colonic flora of infants by increasing the number of useful bacteria accompanied with a significant reduction of pathogenic bacteria (Rivero-Urgell and Santamaria-Orleans, 2001).
The intestinal microbial population dominated by bifidobacteria and lactobacilli has many useful functions and include pathogen binding, modulation of mucosal physiology and barrier function, modulation of systemic immune response, prevention of traveler's diarrhea in children, improvement of constipation, and antibacterial and anticarcinogenic activities (Mills et al., 2011; Qiang et al., 2009). It is suggested that the first bacteria which dominate the infant's gastrointestinal tract are very important in determining the ultimate gut microbial composition because these colonizing bacteria later modify the immune response in various ways (Gronlund et al., 1999) . Milk oligosaccharides are believed to stimulate the growth of bifidobacteria in the lower intestine and result in the reduction of pH due to the short-chain fatty acids (SCFA) produced from the fermentation of oligosaccharides by bifidobacteria. Low pH value in the colon and in the feces suppress the colonization of pathogenic bacteria (Mussatto and Manchilha, 2007; Urashima and Taufik, 2010).
It is generally believed that lactobacilli can protect the vaginal mucosa from pathogenic micoroorganisms by making up a biofilm on the mucosal surface; when the num- (Schwertmann et al., 1996) . It is believed that many viruses and bacteria start infection by binding to particular sugar chains of glycoconjugates on the surface cells lying on the mucous epithelium of digestive and respiratory tracts. As a consequence, milk oligosaccharides can act as a decoy of the target sugar chains of the pathogenic microorganisms on the epithelial surface (Kobata, 2010) . In this way, oligosaccharides in milk may act in infants as additional protection whose stomach is not yet as acidic as in adults and moreover, whose immune system is not completely developed against enteric pathogens by inhibiting the mucosal adhesion of pathogenic agents to the intestinal surface (2003) established that fucosylated milk oligosaccharides bind with the Campylobacter jejuni, which causes diarrhea and paralysis of motor nerves in infants. Helicobacter pylori, an ulcer causing microorganisms which inhabits in the gastric mucosa, is a big threat to human health these days. Nearly 50% of the total world populations become infected with this microorganism. On the face of it, sialylated milk oligosaccharides have been reported to inhibit the attachment of H. pylori to the epithelial surface of the stomach (Bode, 2006; Johansson et al., 2005) (Table 3) . Kunz and Rudloff, (2006) lately described that milk oligosaccharides could play roles as ligands against some pathogens (Table 3) .
It has been reported that bovine milk oligosaccharides can potentially be used as anti-infection agents. Hakkarainen et al. (2005) suggested that bovine neutral and acidic oligosaccharides at concentrations of 1-2 g/L clearly inhibit the attachment of Neisseria meningitidis, a human-specific pathogen causing meningitis and septicemia. The oligosaccharide fraction in the supernatant form found in the milk of Swiss Brown cows was shown to inhibit the hemagglutination caused by some enterotoxigenic E. coli strains (Martin et al., 2002) . These results suggest that milk oligosaccharides can act as a potential pathogen binding agent due to its structural resemblance with the glycoconjugates resting across the surface of the epithelial cells and thereby resist many infectious diseases. HMO has been found to be very efficient to give rise to a wide range of immuno-modulation effects with its capability to interact directly with the intestinal epithelial cells and enteroendocrine cells (Zivkovic and Barile, 2011) . However, it is observed very recently that BMO is a potential source to mimic the benefits of HMO to produce immuno-modulatory effects. Lacto-N-fucopentaose III and lacto-N-neotetraose which are abundant in human milk can stimulate the production of IL-10, an anti-inflammatory cytokine. Surprisingly, a similar structure lacto-N-neotetraose has been detected in significant amount in bovine milk ). Therefore, the potential of BMO to serve as a new source of health-promoting functional ingredients is enticing as it can produce quite similar immuno-modulatory functions like HMO due to structural resemblance. As it is described, the acidic fraction of milk oligosaccharides competes with p-selectin glycoprotein ligand 1 (PSGL-1) for binding with P-selectin and hence reduces the platelet-neutrophil complex (PNC) formation up to 20% during inflammation (Bode et al., 2004b) . Among 
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Gal(β1-4)GlcNAc(β1-4)GlcNAc many of the p-selecting binding, sialylated milk oligosaccharides 3'-sialyl-lactose and 3'-sialyl-3-fucosyl lactose are the most prominent (Bode et al., 2004a) . It is however identified that acidic component of milk oligosaccharides alone is more effective than total milk oligosaccharides (Schumacher et al., 2006) . Furthermore, it is noteworthy that SCFA result from milk oligosaccharides have the capacity to bind with GPR43, a substance secreted by immune cells as an inflammatory immune response. This mechanism was realized when it was first noticed that the treatment of some germ free mice suffering from induced colitis with acetate could remarkably reduce the disease indices (Maslowski et al., 2009 ). The lower incidence of infectious and inflammatory diseases in the breast-fed babies indicates that HMO plays a significant role to resist inflammation. Likewise, BMO has the potential to modulate the inflammatory immune response as it is abundant in acidic oligosaccharides.
Brain development
The sialylated oligosaccharides found both in bovine and human milks have been proven to play essential roles in the development of brain and central nervous system (Wang and Brand-Miller, 2003) . It was demonstrated that a little amount of sialylated oligosaccharides are taken up through the digestive tracts in the suckling babies and essentially utilized for the biosynthesis of gangliosides and glycoproteins in its brain (Bogoch et al., 1977; Schmidt, 1989) . Gangliosides and glycoproteins are very crucial in the formation of memory and learning. The sialic acids present in gangliosides and glycoproteins play both structural and functional roles in the brain cortex which include cell recognition, cell-to-cell contact, receptor binding and modulation, immunological properties and biosignal transduction neurotransmitters. Moreover, in the central nervous system sialic acid acts as a receptor for neurotransmitters (Mills et The importance of milk oligosaccharides in brain formation and functioning have been supported by previous studies which claimed that intelligence skills were surprisingly higher in the suckling babies than the formulafed babies (Fergusson et al., 1982; Lucas et al., 1992; Smith et al., 2003) . In animal studies it was found that feeds containing protein-bound sialic acid can enhance the learning and memory during early development (Mills et al., 2011; Wang et al., 2007b) . Furthermore, the role of sialic acid in binding of Ca to ganglioside which has a great effect on the function of nervous tissue cannot be overemphasized (Schaur and Kamerling, 1997) . Interestingly, one assessment of bovine colostrum and milk between prepartum and early lactation confirmed the abundance of sialyl oligosaccharides in bovine milk and suggested that bovine milk can be a potential source of sialyloligosaccharides as additives in the food or pharmaceutical industries (Nakamura et al., 2003) .
Mineral absorption
Milk oligosaccharides evolve as an important phenomena when it comes to intestinal and colonic mineral absorption. It was pointed that milk oligosaccharides can induce the absorption and retention of calcium, magnesium, iron, and zinc (Boehm and Stahl, 2003) . A study on rat revealed that dietary intake of milk oligosaccharides could successfully stimulate the Ca absorption (Chonan and Watanuki, 1996) . Positive effects of milk oligosaccharides also were found for magnesium, iron and zinc absorption (Heuvel et al., 1998; Scholz-Ahrens et al, 2001) . Surprisingly, in human study it was observed that an infant formula supplemented with milk oligosaccharides resulted in the presence of higher amount of calcium in the renal excretion than that found in the case of nonsupplemented formula, which clearly indicates that the supplemented formula increases Ca absorption (Boehm and Stahl, 2003) . A substantial increase in calcium absorption was also noticed in a group of postmenopausal women supplied with oligosaccharides in milk and other diets (Heuvel et al., 2000) .
There are several possible mechanisms through which milk oligosaccharides can facilitate the mineral absorption. Most importantly, bifidobacterial fermentation of milk oligosaccharides increases production of SCFA resulting in a decrease in pH which eventually facilitate the solubility of minerals to be absorbed through the gut. It is also assumed that milk oligosaccharides play roles to increase mineral transport in the small intestine as well as from the small intestine to the colon (Scholz-Ahrens et al., 2001). Though there are a number of factors can be considered to take part in mineral absorption, milk oligosaccharides accompanied by the oligosaccharides from some other sources are in the forefront in facilitating mineral absorption in the intestine and colon.
Conclusion
Bioactive functions of milk oligosaccharides are long familiar now. Scientific studies have unveiled that milk oligosaccharides harbor the colonic and intestinal microf-lora while these components make the gut environment adverse to the survival of the pathogenic microbes. The functions of milk oligosaccharides in the modulation of immune response, intestinal mineral absorption, and brain development are well documented. Many other functions of milk oligosaccharides are being pointed by recent studies but still further comprehensive experiments are needed. Although human milk has the most diverse and complex array of oligosaccharides, synthetic production of HMO is impracticable due to its structural complexity. Therefore, alternative sources are on the quest to mimic the functions of HMO. On that pursuit, BMO have been found to have similar structural features like HMO and is presumed to be utilized as a substitute of HMO in different functional foods on industrial scale.
